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SUPPORTING INFORMATION (SI)

SUPPORTING INFORMATION 1 (SI1)
40Ar/39Ar geochronology: method and results 

Mineral separation was performed according to standard techniques (crushing, sieving, water table, magnetic separation and heavy liquids as needed) at the Institute of Earth and Environmental Science of the University of Potsdam after a careful evaluation of thin sections. K-bearing minerals and fragments of the tuff matrix were hand picked, wrapped and packaged together with the Fish Canyon Tuff sanidine-age standard prepared by the Geological Survey of Japan (27.5 Ma; Uto et al., 1997; Ishizuka, 1998; Lanphere and Baasgaards, 2001) and with crystals of K2SO4, and CaF2 and sent to the reactor of NRG (Nuclear Research and consultancy Group) in Petten, Netherlands, where they were irradiated for 10 hours. The following analytical procedure includes extraction of gas by means of stepwise thermal heating with a 50W CO2 New Wave Gantry Dual Wave laser ablation system (wavelength 10.6 micrometer) of multiple grains, purification of the released gas with SAES Zr-Al alloy getters and a cold trap, and measurements of the purified Ar gas with a Micromass 5400 noble gas mass spectrometer with high sensitivity and ultra-low background. The calculation of ages and errors followed the procedure described by Uto et al., (1997). Age spectra and inverse isochron plots of each sample are reported below (Tables SI1.1 to SI.16 and figures SI1.1 to SI1.5). Because heating steps did not yield significant overlap in their apparent 40Ar/39Ar ages among adjacent steps (within 2 sigma errors excluding the J value error, and for a 39Ar amount greater than 50% of the total 39Ar released) to define plateau ages, inverse isochron diagrams were considered for age calculation. In some samples, however, the initial 40Ar/36Ar isotope ratio obtained by the inverse isochron diagram for the different degassing steps was different from the atmospheric ratio (295.5), suggesting either loss or excess of 40Ar (samples MH-11-14 and MH-11-05, respectively). Moreover, in all samples the goodness of the fit exceeds unity and questions a linear relationship of the three isotopes (e.g.: all MSWD > 2). In extreme cases (MSWD > 4), we compared the inverse isochron with the total gas age, and given the overlaps within 2 sigma errors, we considered the inversion isochron age as representative of cooling associated with deposition. The only exception is for sample MH-11-14 where the two ages do not overlap. In that case we considered the total gas age as more representative of the depositional age in agreement with U-Pd dating of a single zircon crystal (14.1±0.6 Ma; Table 5 and Supporting Information SI2) that was recovered from that sample 




Table SI1.1. 40Ar/39Ar dating results. Note that all steps are considered for the age calculations. In italics are ages that are shown for comparison.
Sample code	Rock type	Analyzed material	Age type	Age (Ma)	Error (Ma) 2s	MSWD	40Ar/36Ar	Number of steps *
MH-11-04	Trachyandesite	Plagioclase	Total gas	25.3	1.8			12
			Inverse isochron	25.0	1.3	6.70	296.1±1.0	12
MH-11-05	Andesitic basalt	Plagioclase	Tatal gas	18.5	1.2			12
			Inverse isochron	19.2	0.6	6.33	300.4±1.1	12
MH-11-06	Rhyolite	K-feldspar	Inverse isochron	15.6	1.4	2.11	295.7±0.7	6
MH-11-13	Tuff	Biotite	Inverse isochron	15.6	1.1	3.64	298.7±1.0	11
MH-11-14	Tuff	Glass	Total gas	15.0	0.3			9
			Inverse isochron	16.3	0.3	5.02	290.6±1.4	9
















Table SI1.2: 40Ar/39Ar step heating results for sample MH-11-04 (lab code C13059).
Laser output (%)	40Ar/39Ar	37Ar/39Ar	36Ar/39Ar(x10-3)	K/Ca	40Ar*(%)	39ArKfraction (%)	40Ar*/39ArK	Age(±1s)(Ma)
1.6	573.004	±	5.281	54.2497	±	6.1707	1951.77	±	19.67	0.0	0.1	1.6	0.85	±	2.71	3.85	±	12.24
1.8	243.3	±	1.2	172	±	7	865	±	6	0.0	0.9	2.1	2.4	±	1.7	11	±	8
2.0	123.5	±	0.5	274	±	3	474	±	3	0.0	5.2	3.0	7.9	±	0.9	36	±	4
2.2	64.4	±	0.4	204	±	6	267	±	3	0.0	4.1	4.3	3.1	±	1.2	14	±	5
2.4	51.7	±	0.3	296	±	13	226	±	3	0.0	19.2	5.1	12.5	±	1.7	56	±	8
2.6	46.9	±	0.3	38	±	2	161.3	±	1.1	0.0	5.2	8.4	2.5	±	0.3	11.4	±	1.5
2.8	24.99	±	0.15	19.6	±	1.2	77.7	±	1.0	0.0	14.7	10.5	3.7	±	0.3	16.8	±	1.3
3.0	21.02	±	0.05	9	±	3	57.6	±	2.0	0.1	22.6	13.4	4.8	±	0.6	21	±	3
3.2	39.1	±	0.2	10	±	3	120	±	2	0.1	11.4	15.4	4.5	±	0.7	20	±	3
3.4	41.36	±	0.20	10.1	±	0.6	111.9	±	0.8	0.1	22.1	22.3	9.2	±	0.2	41.2	±	1.0
3.6	21.71	±	0.11	8.1	±	0.9	60.6	±	1.3	0.1	20.6	8.4	4.5	±	0.4	20.3	±	1.8
3.8	24.93	±	0.09	12.0	±	1.7	76.7	±	1.4	0.0	13.2	5.6	3.3	±	0.4	14.9	±	1.9

Mineral: Plagioclase
Rock: Trachiandesite
J: 0.002511
Total gas age: 25.26 ± 0.88 Ma
Inverse isochron age (Ma)	24.97	±	0.65
intercept(40/36)	 	296.1	±	1.0
36/39slope	 	-0.01875	±	0.00064
36/40int	 	 	0.00338	±	0.00001
MSWD 	6.72	 	 
39/40slope	 	5.551	±	0.000
iteration	 	 	5	 	 







Figure SI1.1. 40Ar–39Ar age spectra and isochron plot for sample MH-11-04 (lab code C13059).




Table SI1.3: 40Ar/39Ar step heating results for sample MH-11-05 (lab code C13061).
Laser output (%)	40Ar/39Ar	37Ar/39Ar	36Ar/39Ar(x10-3)	K/Ca	40Ar*(%)	39ArKfraction (%)	40Ar*/39ArK	Age(±1s)(Ma)
1.6 	497.157 	±	1.834 	9.2837 	±	2.1741 	1631.96 	±	7.06 	0.1 	3.2	6.0	15.79 	±	1.74 	69.54 	±	7.51 
1.8 	33.59	±	0.17	24	±	2	119	±	2	0.0 	1.5	5.7	0.5	±	0.7	2	±	3
2.0 	19.08	±	0.15	45.8	±	1.5	72.5	±	1.7	0.0 	7.8	6.2	1.5	±	0.5	7	±	2
2.2 	11.44	±	0.16	50	±	2	45.3	±	1.0	0.0 	19.4	7.6	2.3	±	0.4	10.3	±	1.6
2.4 	12.19	±	0.14	64	±	3	51.6	±	1.4	0.0 	19.2	7.5	2.4	±	0.5	11	±	2
2.6 	10.91	±	0.15	53	±	3	45.2	±	1.2	0.0 	18.6	7.6	2.1	±	0.4	9.4	±	1.9
2.8 	9.60	±	0.07	52.6	±	1.8	34.6	±	0.6	0.0 	39.6	8.4	3.9	±	0.2	17.6	±	1.1
3.0 	8.87	±	0.05	49.0	±	2.0	29.1	±	0.7	0.0 	49.4	8.2	4.5	±	0.3	20.3	±	1.2
3.2 	8.43	±	0.03	17.8	±	0.5	14.8	±	0.3	0.0 	66.1	14.8	5.64	±	0.10	25.1	±	0.5
3.4 	7.60	±	0.05	33.7	±	1.3	21.3	±	0.5	0.0 	54.5	8.5	4.24	±	0.19	18.9	±	0.8
3.6 	8.09	±	0.05	23.6	±	1.3	22.3	±	0.6	0.0 	42.8	8.9	3.5	±	0.2	15.7	±	1.0
3.8 	9.42	±	0.03	23.3	±	0.8	27.9	±	0.5	0.0 	33.3	10.7	3.19	±	0.16	14.3	±	0.7

Mineral: Plagioclase
Rock: Andesitic basalt
J: 0.002488
Total gas age: 18.49 ± 0.88 Ma
Inverse isochron age (Ma)	19.21	±	0.30
intercept(40/36)	 	300.4	±	1.1
36/39slope	 	-0.01432	±	0.00025
36/40int	 	 	0.00333	±	0.00001
MSWD 	6.33	 	 
39/40slope	 	4.302	±	0.000
iteration	 	 	5	 	 







Figure SI1.2. 40Ar–39Ar age spectra and isochron plot for sample MH-11-05 (lab code C13061).



Table SI1.4: 40Ar/39Ar step heating results for sample MH-11-06 (lab code C13062).
Laser output (%)	40Ar/39Ar	37Ar/39Ar	36Ar/39Ar(x10-3)	K/Ca	40Ar*(%)	39ArKfraction (%)	40Ar*/39ArK	Age(±1s)(Ma)
1.6 	979.516 	±	13.757 	75.8677 	±	10.4253 	3324.09 	±	47.18 	0.0 	0.4	4.5	3.83 	±	2.48 	17.73 	±	11.41 
1.8 	40.2	±	0.7	422	±	16	243	±	7	0.0 	9.4	2.8	5	±	3	25	±	14
2.0 	21.6	±	0.2	643	±	20	269	±	5	0.0 	-18.0	4.2	-7.06	±	-3.99	-33.15	±	18.8937
2.2 	18.2	±	0.3	178	±	16	87	±	7	0.0 	41.1	3.6	9	±	3	39	±	13
2.4 	17.11	±	0.15	57	±	5	57.3	±	1.7	0.0 	29.0	19.0	5.2	±	0.7	24	±	3
2.6 	13.71	±	0.07	4.2	±	0.6	36.5	±	0.5	0.1 	23.8	65.9	3.28	±	0.15	15.2	±	0.7

Mineral: Sanidine
Rock: Rhyolitte
J: 0.002579
Total gas age: 16.06 ± 1.35 Ma
Inverse isochron age (Ma)	15.57	±	0.68
intercept(40/36)	 	295.7	±	0.7
36/39slope	 	-0.01137	±	0.00051
36/40int	 	 	0.00338	±	0.00001
MSWD 	2.11	 	 
39/40slope	 	3.362	±	0.000
iteration	 	 	4	 	 







Figure SI1.3. 40Ar–39Ar age spectra and isochron plot for sample MH-11-06 (lab code C13062).



Table SI1.5: 40Ar/39Ar step heating results for sample MH-11-13 (lab code C14001).
Laser output (%)	40Ar/39Ar	37Ar/39Ar	36Ar/39Ar(x10-3)	K/Ca	40Ar*(%)	39ArKfraction (%)	40Ar*/39ArK	Age(±1s)(Ma)
1.6 	802.894 	±	6.419 	34.252	±	2.6462 	2712.55	±	24	0.0 	0.5	16.5	4.32 	±	4.11 	20.06 	±	19.0
1.7 	71.6	±	0.3	5.1	±	0.5	233.5	±	0.9	0.1 	4.2	8.8	3.0	±	0.2	14.0	±	1.1
1.8 	85.0	±	0.5	1.0	±	0.5	268.3	±	1.7	0.6 	6.8	5.4	5.8	±	0.4	26.7	±	1.7
2.0 	59.7	±	0.3	0.6	±	0.3	187.0	±	0.8	1.0 	7.5	8.0	4.5	±	0.2	20.8	±	1.1
2.2 	47.6	±	0.2	0.1	±	0.2	146.1	±	0.8	4.5 	9.4	8.5	4.5	±	0.2	20.8	±	1.2
2.6 	33.87	±	0.11	1.7	±	0.3	100.2	±	0.7	0.3 	13.0	20.6	4.4	±	0.2	20.5	±	1.0
2.8 	28.44	±	0.12	0.20	±	0.11	83.2	±	0.4	3.0 	13.6	15.8	3.86	±	0.12	18.0	±	0.5
3.0 	28.22	±	0.16	0.0	±	0.2	85.1	±	0.6	42.5 	10.8	7.6	3.06	±	0.16	14.2	±	0.7
3.2 	26.53	±	0.16	0.1	±	0.4	80.8	±	0.6	4.0 	10.1	5.9	2.67	±	0.17	12.4	±	0.8
3.4 	30.54	±	0.16	0.5	±	1.3	88.2	±	1.1	1.2 	14.8	2.7	4.5	±	0.3	21.0	±	1.5
3.6 	100.6	±	1.3	6	±	28	322	±	9	0.1 	6.1	0.1	6	±	3	28	±	16

Mineral: Biotite
Rock: Tuff
J: 0.002588
Total gas age: 18.92 ± 3.17 Ma
Inverse isochron age (Ma)	15.65	±	0.55
intercept(40/36)	 	298.7	±	1.0
36/39slope	 	-0.01127	±	0.00046
36/40int	 	 	0.00335	±	0.00001
MSWD 	3.64	 	 
39/40slope	 	3.366	±	0.000
iteration	 	 	5	 	 







Figure SI1.4. 40Ar–39Ar age spectra and isochron plot for sample MH-11-13 (lab code C14001).




Table SI1.6: 40Ar/39Ar step heating results for sample MH-11-14 (lab code C14003).
Laser output (%)	40Ar/39Ar	37Ar/39Ar	36Ar/39Ar(x10-3)	K/Ca	40Ar*(%)	39ArKfraction (%)	40Ar*/39ArK	Age(±1s)(Ma)
1.6 	90.101 	±	0.546 	1.5869 	±	0.2414 	300.34 	±	1.89 	0.4 	1.6	5.0	1.49 	±	0.50 	6.94 	±	2.35 
1.8 	22.3	±	0.1	0.8	±	0.2	65.6	±	0.5	0.8 	13.4	11.1	3.0	±	0.2	13.9	±	0.8
2.0 	9.4	±	0.1	0.5	±	0.1	21.7	±	0.3	1.1 	31.9	14.5	3.0	±	0.1	13.9	±	0.5
2.2 	6.5	±	0.0	0.1	±	0.0	11.0	±	0.1	6.9 	50.3	18.6	3.3	±	0.0	15.3	±	0.2
2.4 	6.2	±	0.0	0.0	±	0.0	9.4	±	0.1	12.9 	55.0	18.1	3.4	±	0.0	15.9	±	0.1
2.6 	5.77	±	0.03	0.1	±	0.0	8.1	±	0.1	5.5 	58.7	13.7	3.4	±	0.0	15.8	±	0.2
2.8 	6.08	±	0.04	0.45	±	0.09	9.0	±	0.1	1.3 	56.9	8.6	3.46	±	0.03	16.1	±	0.2
3.0 	6.69	±	0.06	0.1	±	0.1	10.5	±	0.1	9.5 	53.6	5.7	3.59	±	0.05	16.7	±	0.3
3.4 	8.16	±	0.04	0.1	±	0.1	14.5	±	0.1	11.5 	47.6	4.6	3.88	±	0.04	18.1	±	0.2

Mineral: Volcanic glass
Rock: Tuff
J: 0.002595
Total gas age: 14.99 ± 0.16 Ma
Inverse isochron age (Ma)	16.29	±	0.13
intercept(40/36)	 	290.6	±	1.4
36/39slope	 	-0.01203	±	0.00012
36/40int	 	 	0.00344	±	0.00002
MSWD 	5.02	 	 
39/40slope	 	3.496	±	0.000
iteration	 	 	6	 	 
					






Figure SI1.5. 40Ar–39Ar age spectra and isochron plot for sample MH-11-14 (lab code C14003).
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SUPPORTING INFORMATION 2 (SI2)
Zircon U-Pb geochronology: method and results

Mineral separation was performed according to standard techniques (crushing, sieving, water table, magnetic separation and heavy liquids as needed) at the Institute of Earth and Environmental Science of the University of Potsdam. Epoxy grain mounts of hand-selected zircons were gently ground to expose grain interiors and were given final polish with 1 µm diamond. After ultrasonic cleaning, grains were surveyed for internal compositional zonations and/or inclusions via cathodoluminescence (CL) imaging. Mounts were then coated with ~100 Å of Au. U-Pb ages were determined based on U, Pb, and Th isotopic spot measurements using the UCLA CAMECA ims 1270 ionprobe following the analytical procedure explained in Schmitt et al. (2003). Each analytical run collected data for ten cycles, and age calculations were performed by means of ISOPLOT (Ludwig, 2003). The final ages listed in Table 5 represent the weighted mean at the 95% confidence level for a given number of aliquots ranging from two to seven (Mahon, 1996). Results for all measured aliquots are reported in Tables SI2.1 to SI2.14)

Table SI2.1. Zircon U-Pb data of sample MIA-12-27
Sample code	238U/206Pb	±	207U/206Pb	±	Error corr.	Age*	±	% 206Pb radiogenic	U (ppm)	Th (ppm)	UO+/U+
MIA-12-27#1	591	15	0.0731	0.0066	-0.26	10.62	0.28	96.6	1164	476	8.8
MIA-12-27#2	593	17	0.0480	0.0026	0.19	10.92	0.32	99.8	589	512	8.8
MIA-12-27#3	601	15	0.0498	0.0023	0.04	10.76	0.27	99.5	675	269	9.0
MIA-12-27#4	634	17	0.0586	0.0023	0.16	10.09	0.28	98.4	1030	680	8.7
MIA-12-27#5	457	13	0.199	0.011	-0.30	11.43	0.46	80.4	868	471	8.8
MIA-12-27#6	599	15	0.0566	0.0022	-0.21	10.69	0.27	98.7	561	365	9.0
MIA-12-27#7	592	15	0.0588	0.0021	0.08	10.78	0.27	98.4	863	408	8.8
Weighted Mean: 10.7±0.2 Ma (2σ)
95% conf.: 0.3 
MSWD: 1.33
Grains considered for the weighted mean: 7


Table SI2.2. Zircon U-Pb data of sample MIA-12-29
Sample code	238U/206Pb	±	207U/206Pb	±	Error corr.	Age*	±	% 206Pb radiogenic	U (ppm)	Th (ppm)	UO+/U+
MIA-12-29#1	345	8	0.0482	0.0019	0.01	18.72	0.43	99.8	831	1092	9.0
MIA-12-29#2	347	10	0.0541	0.0031	-0.13	18.44	0.54	99.0	463	502	8.9
MIA-12-29#3	334	9	0.0596	0.0032	-0.15	19.04	0.50	98.3	598	353	8.9
Weighted Mean: 18.7±0.6 Ma (2σ)
95% conf.: 1.2 	
MSWD: 0.34
Grains considered for the weighted mean: 3


Table SI2.3. Zircon U-Pb data of sample MIA-12-30
Sample code	238U/206Pb	±	207U/206Pb	±	Error corr.	Age*	±	% 206Pb radiogenic	U (ppm)	Th (ppm)	UO+/U+
MIA-12-30#1	591	15	0.0731	0.0066	-0.26	10.62	0.28	96.6	1164	476	8.8
MIA-12-30#2	593	17	0.0480	0.0026	0.19	10.92	0.32	99.8	589	512	8.8
MIA-12-30#3	601	15	0.0498	0.0023	0.04	10.76	0.27	99.5	675	269	9.0
MIA-12-30#4	634	17	0.0586	0.0023	0.16	10.09	0.28	98.4	1030	680	8.7
MIA-12-30#5	457	13	0.199	0.011	-0.30	11.43	0.46	80.4	868	471	8.8
MIA-12-30#6	599	15	0.0566	0.0022	-0.21	10.69	0.27	98.7	561	365	9.0
Weighted Mean: 10.8±0.2 Ma (2σ)
95% conf.: 0.3 
MSWD: 1.30
Grains considered for the weighted mean: 6


Table SI2.4. Zircon U-Pb data of sample MIA-12-32
Sample code	238U/206Pb	±	207U/206Pb	±	Error corr.	Age*	±	% 206Pb radiogenic	U (ppm)	Th (ppm)	UO+/U+
MIA-12-32#1	342	7	0.0524	0.0015	0.09	18.7	0.4	99.2	1040	1419	9.1
MIA-12-32#2	348	8	0.0510	0.0030	0.29	18.5	0.5	99.4	349	215	9.2
MIA-12-32#3	343	10	0.0615	0.0028	0.08	18.5	0.5	98.1	302	173	9.1
MIA-12-32#4	287	9	0.204	0.008	-0.27	18.0	0.8	79.9	493	418	8.7
MIA-12-32#5	336	10	0.103	0.008	-0.06	17.9	0.6	92.7	283	186	9.2
MIA-12-32#6	203	6	0.387	0.008	-0.17	18.0	1.1	56.4	422	371	9.1
Weighted Mean: 18.4±0.4 Ma (2σ)
95% conf.: 0.6 
MSWD: 0.37
Grains considered for the weighted mean: 6


Table SI2.5. Zircon U-Pb data of sample S-11M-01
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e.±	Error corr.	Age*	1.s.e±	% 206Pb radiog	U (ppm)	Th (ppm)	UO+/U+
S-11M-01#6	2.48E-03	8.83E-05	5.60E-02	7.58E-03	5.24E-01	15.94	0.568	101.2	383	209	7.14
S-11M-01#7	2.49E-03	8.33E-05	5.25E-02	9.12E-03	4.65E-01	16.01	0.536	99.79	295	141	7.07
S-11M-01#3	2.50E-03	7.75E-05	4.95E-02	5.55E-03	5.38E-01	16.07	0.498	100.3	590	338	7.12
S-11M-01#4	2.55E-03	8.89E-05	5.14E-02	7.90E-03	4.56E-01	16.41	0.572	99.95	956	858	7.02
S-11M-01#5	2.55E-03	1.35E-04	5.81E-02	1.17E-02	4.07E-01	16.41	0.87	99.37	255	137	7.00
S-11M-01#1§	5.81E-03	2.24E-04	6.04E-02	6.59E-03	6.89E-01	37.37	1.44	102.1	206	173	7.66
S-11M-01#8§	6.02E-03	2.43E-04	4.19E-02	1.12E-02	4.41E-01	38.68	1.56	98.31	229	221	7.09
S-11M-01#2§	6.54E-03	2.99E-04	4.07E-02	7.30E-03	2.58E-01	42.04	1.92	98.84	263	167	7.09
§: Excluded for the mean calculation
Weighted Mean: 16.1±1.2 Ma (2σ)
95% conf.: 3.1
MSWD: 0.13
Grains considered for the weighted mean: 5


Table SI2.6. Zircon U-Pb data of sample MH-11-02
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e.±	Error corr.	Age*	1.s.e±	% 206Pb radiog	U (ppm)	Th (ppm)	UO+/U+
MH-11-02#6	2.35E-03	6.16E-05	2.35E-03	6.16E-05	5.74E-01	15.15	0.396	99.78	1220	273	7.25
MH-11-02#4	2.52E-03	1.06E-04	2.52E-03	1.06E-04	5.73E-01	16.21	0.684	99.96	430	365	7.08
MH-11-02#5	2.53E-03	5.61E-05	2.53E-03	5.61E-05	4.23E-01	16.3	0.361	99.87	2158	1015	7.37
MH-11-02#8	2.62E-03	6.83E-05	2.62E-03	6.83E-05	5.24E-01	16.88	0.439	100.3	3326	1628	7.37
MH-11-02#3§	2.99E-03	9.55E-05	2.99E-03	9.55E-05	4.56E-01	19.22	0.614	98.61	2898	1477	6.98
MH-11-02#1§	3.41E-03	1.44E-04	3.41E-03	1.44E-04	1.69E-01	21.95	0.927	93.03	2455	736	7.36
MH-11-02#2§	6.54E-03	2.00E-04	6.54E-03	2.00E-04	4.51E-01	42	1.28	100.3	514	521	7.04
MH-11-02#7§	7.01E-03	2.78E-04	7.01E-03	2.78E-04	6.39E-01	45.03	1.78	103	272	433	7.15
Weighted Mean: 16.1±1.2 Ma (2σ)
95% conf.: 7.5 
MSWD: 3.1
Grains considered for the weighted mean: 4


Table SI2.7. Zircon U-Pb data of sample MH-11-07
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e.±	Error corr.	Age*	1.s.e±	% 206Pb radiog	U (ppm)	Th (ppm)	UO+/U+
MH-11-07#3§	1.41E-03	4.00E-05	3.16E-02	9.11E-03	3.47E-01	9.104	0.257	97.14	565	351	7.35
MH-11-07#6	2.54E-03	7.14E-05	4.20E-02	6.20E-03	1.99E-01	16.37	0.459	98.64	635	325	7.27
MH-11-07#9	2.71E-03	8.51E-05	4.79E-02	6.01E-03	1.86E-01	17.43	0.547	99.54	502	263	7.15
MH-11-07#5§	2.72E-03	1.22E-04	4.14E-02	1.49E-02	3.80E-01	17.54	0.784	90.8	458	249	7.03
MH-11-07#4§	3.68E-03	9.34E-05	5.09E-02	5.70E-03	5.02E-01	23.67	0.6	100.2	1666	2684	7.31
MH-11-07#7§	6.18E-03	1.92E-04	4.44E-02	5.58E-03	2.46E-01	39.72	1.23	98.75	387	343	7.23
MH-11-07#78	1.01E-02	4.64E-04	4.29E-02	9.68E-03	6.00E-01	65	2.96	99.52	136	165	7.13
MH-11-07#10§	1.25E-02	4.27E-04	4.95E-02	3.42E-03	5.72E-01	80.11	2.72	100.1	325	115	7.32
MH-11-07#2§	2.91E-02	7.45E-04	6.55E-02	1.33E-03	7.93E-01	185	4.67	99.86	347	42	7.22
MH-11-07#1§	5.87E-02	1.36E-03	5.58E-02	5.79E-04	9.35E-01	367.4	8.31	99.87	1060	6	7.35
§: Excluded for the mean calculation
Weighted Mean: 16.9±1.8 Ma (2σ)
95% conf.: 1.7
MSWD: 1.5
Grains considered for the weighted mean: 3


Table SI2.8. Zircon U-Pb data of sample MH-11-08
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e. ±	Error corr.	Age*	1.s.e±	% 206Pb radiog	U (ppm)	Th (ppm)	UO+/U+
MH-11-08#1	2.62E-03	6.56E-05	4.64E-02	5.02E-03	3.47E-01	16.89	0.421	100	1585	1230	7.31
MH-11-08#5	2.65E-03	7.94E-05	5.46E-02	5.35E-03	1.99E-01	17.09	0.51	100.8	809	618	7.34
MH-11-08#2	2.68E-03	7.55E-05	4.52E-02	8.44E-03	1.86E-01	17.24	0.485	99.12	739	752	7.17
MH-11-08#3	2.73E-03	1.27E-04	4.70E-02	2.42E-02	3.80E-01	17.56	0.813	98.39	514	780	7.18
MH-11-08#4	2.76E-03	8.58E-05	4.83E-02	8.65E-03	5.02E-01	17.74	0.552	99.74	2045	4971	7.13
MH-11-08#6	2.89E-03	8.62E-05	5.71E-02	7.03E-03	2.46E-01	18.59	0.554	100.2	635	635	7.09
Weighted Mean: 17.4±0.7 Ma (2σ)
95% conf.: 0.65
MSWD: 1.4
Grains considered for the weighted mean: 6


Table SI2.9. Zircon U-Pb data of sample MH-11-09
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e. ±	Error corr.	Age*	1.s.e±	% 206Pb radiog	U (ppm)	Th (ppm)	UO+/U+
MH-11-09#3	2.58E-03	4.71E-05	4.92E-02	2.05E-03	4.86E-01	16.61	0.303	99.96	4411	2473	7.65
MH-11-09#4	2.70E-03	8.72E-05	3.95E-02	8.91E-03	4.21E-01	17.36	0.561	98.76	495	481	7.00
MH-11-09#6	2.77E-03	1.10E-04	4.01E-02	1.19E-02	4.22E-01	17.81	0.705	95.2	361	456	7.02
MH-11-09#1	2.78E-03	8.18E-05	4.67E-02	8.76E-03	4.45E-01	17.87	0.526	96.25	663	721	7.15
MH-11-09#2	2.80E-03	8.90E-05	5.10E-02	5.30E-03	3.81E-01	17.99	0.572	98.64	1104	974	7.06
MH-11-09#5	2.83E-03	8.03E-05	4.85E-02	8.95E-03	5.28E-01	18.21	0.516	99.81	2201	5789	7.12
Weighted Mean: 17.4±0.8 Ma (2σ)
95% conf.: 0.75
MSWD: 2.3
Grains considered for the weighted mean: 6


Table SI2.10. Zircon U-Pb data of sample MH-11-10
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e. ±	Error corr.	Age*	1.s.e±	% 206Pb radiogen	U (ppm)	Th (ppm)	UO+/U+
MH-11-10#4	2.35E-03	4.58E-05	4.97E-02	3.70E-03	4.73E-01	15.12	0.295	100.2	1862	843	7.72
MH-11-10#7	2.45E-03	5.23E-05	4.16E-02	2.87E-03	4.51E-01	15.76	0.337	99.45	1973	547	7.48
MH-11-10#1§	2.68E-03	8.62E-05	4.96E-02	5.84E-03	4.98E-01	17.28	0.554	99.72	867	713	7.25
MH-11-10#3§	2.69E-03	7.88E-05	4.85E-02	3.61E-03	5.92E-01	17.33	0.507	100	1156	559	7.10
MH-11-10#2§	2.81E-03	6.89E-05	4.82E-02	2.59E-03	4.24E-01	18.07	0.443	100	2977	1167	7.19
MH-11-10#5§	2.83E-03	8.82E-05	4.35E-02	4.10E-03	1.91E-01	18.21	0.567	99.27	1163	350	7.10
MH-11-10#6§	3.30E-03	1.06E-04	5.17E-02	7.55E-03	5.09E-01	21.22	0.68	99.54	529	428	7.01
§: Excluded for the mean calculation
Weighted Mean: 15.4±4.0 Ma (2σ)
95% conf.: 2
MSWD: 4
Grains considered for the weighted mean: 2


Table SI2.11. Zircon U-Pb data of sample MH-11-11
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e.±	Error corr.	Age*	1.s.e±	% 206Pb radiogen	U (ppm)	Th (ppm)	UO+/U+
MH-11-11#3	1.64E-03	5.47E-05	5.22E-02	1.06E-02	3.83E-01	10.53	0.352	100.6	876	1118	7.23
MH-11-11#6	1.67E-03	4.62E-05	4.37E-02	5.39E-03	3.34E-01	10.72	0.297	98.63	883	467	7.25
MH-11-11#1	1.67E-03	5.06E-05	3.60E-02	7.69E-03	3.09E-01	10.75	0.326	98.65	1149	655	7.16
MH-11-11#7	1.67E-03	4.20E-05	5.63E-02	5.41E-03	4.50E-01	10.75	0.27	101	1156	875	7.25
MH-11-11#2	1.68E-03	5.96E-05	4.04E-02	1.33E-02	4.86E-01	10.84	0.384	98.15	682	883	7.13
MH-11-11#5	1.70E-03	9.14E-05	4.42E-02	1.27E-02	3.13E-01	10.95	0.588	98.76	266	245	7.15
MH-11-11#4§	1.94E-03	6.30E-05	4.26E-02	7.50E-03	4.00E-01	12.49	0.405	99.04	1091	736	6.86
§: Excluded for the mean calculation
Weighted Mean: 10.7±0.3 Ma (2σ)
95% conf.: 0.27
MSWD: 0.11
Grains considered for the weighted mean: 6


Table SI2.11. Zircon U-Pb data of sample MH-11-11
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e.±	Error corr.	Age*	1.s.e±	% 206Pb radiogen	U (ppm)	Th (ppm)	UO+/U+
MH-11-11#3	1.64E-03	5.47E-05	5.22E-02	1.06E-02	3.83E-01	10.53	0.352	100.6	876	1118	7.23
MH-11-11#6	1.67E-03	4.62E-05	4.37E-02	5.39E-03	3.34E-01	10.72	0.297	98.63	883	467	7.25
MH-11-11#1	1.67E-03	5.06E-05	3.60E-02	7.69E-03	3.09E-01	10.75	0.326	98.65	1149	655	7.16
MH-11-11#7	1.67E-03	4.20E-05	5.63E-02	5.41E-03	4.50E-01	10.75	0.27	101	1156	875	7.25
MH-11-11#2	1.68E-03	5.96E-05	4.04E-02	1.33E-02	4.86E-01	10.84	0.384	98.15	682	883	7.13
MH-11-11#5	1.70E-03	9.14E-05	4.42E-02	1.27E-02	3.13E-01	10.95	0.588	98.76	266	245	7.15
MH-11-11#4§	1.94E-03	6.30E-05	4.26E-02	7.50E-03	4.00E-01	12.49	0.405	99.04	1091	736	6.86
§: Excluded for the mean calculation
Weighted Mean: 10.7±0.3 Ma (2σ)
95% conf.: 0.27
MSWD: 0.11
Grains considered for the weighted mean: 6


Table SI2.12. Zircon U-Pb data of sample MH-11-12
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e.±	Error corr.	Age*	1.s.e±	% 206Pb radiogen	U (ppm)	Th (ppm)	UO+/U+
MH-11-12#5	2.89E-03	1.15E-04	5.86E-02	1.27E-02	4.37E-01	18.58	0.739	99.28	670	1244	7.19
MH-11-12#4	2.92E-03	2.20E-04	3.89E-02	2.41E-02	4.15E-01	18.8	1.41	97.51	152	220	7.16
MH-11-12#1	2.96E-03	1.07E-04	4.82E-02	6.06E-03	4.18E-01	19.04	0.687	99.93	555	412	7.26
MH-11-12#3	3.12E-03	1.09E-04	5.42E-02	1.14E-02	4.68E-01	20.08	0.698	100.5	401	468	7.17
MH-11-12#6	3.18E-03	1.68E-04	7.64E-02	1.89E-02	5.05E-01	20.46	1.08	102.1	148	178	7.06
MH-11-12#7	3.21E-03	1.30E-04	5.03E-02	2.36E-02	7.73E-01	20.67	0.835	100.4	1253	3082	7.04
MH-11-12#2	3.28E-03	1.23E-04	5.50E-02	1.39E-02	4.74E-01	21.08	0.793	100.7	343	563	7.02
Weighted Mean: 19.8±0.9 Ma (2σ)
95% conf.: 0.91
MSWD: 1.40
Grains considered for the weighted mean: 7


Table SI2.13. Zircon U-Pb data of sample MH-11-13
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e.±	Error corr.	Age*	1.s.e±	% 206Pb radiogen	U (ppm)	Th (ppm)	UO+/U+
MH-11-13#1§	2.65E-03	6.81E-05	4.14E-02	5.89E-03	4.43E-01	17.03	0.438	99.09	1516	2173	7.25
MH-11-13#2	2.82E-03	7.63E-05	6.10E-02	9.59E-03	5.35E-01	18.18	0.49	101.6	746	1119	7.19
MH-11-13#3	2.89E-03	1.30E-04	6.09E-02	9.08E-03	4.89E-01	18.62	0.836	100.4	272	143	7.27
MH-11-13#4	2.99E-03	8.78E-05	4.89E-02	9.51E-03	4.17E-01	19.22	0.565	100	537	699	7.17
MH-11-13#7§	4.33E-03	1.40E-04	3.03E-02	5.64E-03	3.54E-01	27.84	0.896	97.55	879	893	7.14
MH-11-13#5§	4.48E-03	2.65E-04	4.91E-02	7.77E-03	3.41E-01	28.78	1.7	99.68	576	598	7.23
MH-11-13#6§	6.78E-03	1.70E-04	4.99E-02	1.38E-03	6.38E-01	43.56	1.09	100.2	1537	280	7.18
§: Excluded for the mean calculation

Weighted Mean: 18.6±0.7 Ma (2σ)
95% conf.: 0.66
MSWD: 0.97
Grains considered for the weighted mean: 3


Table SI2.14. Zircon U-Pb data of sample MH-11-14
Sample code	206U/238Pb	1s.e. ±	207U/206Pb	1s.e.±	Error corr.	Age*	1.s.e±	% 206Pb radiogen	U (ppm)	Th (ppm)	UO+/U+
MH-11-14	2.19E-03	5.24E-05	4.94E-02	3.30E-03	2.92E-01	14.07	0.337	100.2	2015	730	7.26
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SUPPORTING INFORMATION 3 (SI3)
Rock demagnetization: method and results 

The Natural Remanent Magnetization (NRM) of standard cylindrical specimens was measured using a 2-G Enterprises superconducting rock magnetometer (SRM) equipped with DC-SQUID coils within a magnetically shielded room. The NRM of one specimen per core was measured by means of progressive stepwise demagnetization using thermal or alternating field (AF) procedures. Thermal demagnetization was carried out using temperature increments (80–100°C up to 300°C and 30–50°C above 300°C) until the NRM decreased to below the limit of instrument sensitivity or random changes appeared in the paleomagnetic directions. Stepwise AF demagnetization was carried out using a set of three orthogonal AF coils mounted in-line with the SRM system, with 5–10 mT increments up to 20 mT, followed by 20 mT steps up to 150 mT. A list with all samples in which the ChRM was successfully isolated is reported in Table SI3.1.

Table SI3.1: samples used for magnetostratigraphic dating.
Sample code	Stratigraphic level (m)	Bedding	Sample position Lat (°)	Sample position Long (°)	ChRM Dec Geo (°)	ChRM Inc Geo (°)	ChRM Dec Tilt-corr (°)	ChRM IncTilt-corr (°)	MAD	VGP lat (°)	SampleQuality	Great circle
11M01B3	53,65	N15E-58NW	37,19207	47,35285	219,8	-33,3	174,80	-36,00	9,20	-72,2	2	x
11M03A2	63,24	N20E-66NW	37,19207	47,35275	226,5	-30,6	178,20	-33,90	21,60	-71,3	2	x
11M04B1	76,50	N10E-66NW	37,19213	47,35260	192,5	-10,4	181,50	-6,50	8,60	-56,0	1	
11M05A2	78,80	N15-61NW	37,19215	47,35257	169	-12,6	170,60	15,60	23,40	-44,0	2	x
11M08A2	118,00	N25E-60NW	37,19210	47,35205	64,6	17,5	28,40	42,60	8,70	62,8	1	
11M09A2	123,00	N20E-65NW	37,19212	47,35198	77	40,2	343,00	58,60	21,00	76,5	2	
11M09A3	123,00	N20E-65NW	37,19212	47,35198	62,8	38,2	349,80	48,20	12,40	78,3	2	
11M10B2	130,00	N18E-59NW	37,19213	47,35188	78	7,2	52,00	53,20	16,10	48,0	2	
11M10A1	130,00	N18E-59NW	37,19213	47,35188	64,5	46,9	339,70	53,20	16,70	73,2	2	
11M11B2	139,00	N12E-50NW	37,19215	47,35177	61	-3,7	51,20	32,40	9,10	41,2	1	
11M11B1	139,00	N12E-50NW	37,19215	47,35177	64,4	14,6	38,90	48,50	13,20	56,8	1	
11M12A2	141,00	N13E-56NW	37,19217	47,35173	48,3	56,8	323,90	46,90	10,60	58,5	2	
13M13B	149,00	N15E-55NW	37,19212	47,35162	208,5	-24,7	181,00	-24,40	7,40	-65,6	2	x
11M15B4	169,80	N12E-58NW	37,19212	47,35162	194,7	-24	172,60	-14,60	20,80	-59,5	3	x
11M15B4	169,80	N12E-58NW	37,19212	47,35162	108,3	8,1	117,20	65,40	20,80	11,5	3	x
11M16B	188,00	N17E-57NW	37,19220	47,35108	151,4	-45,5	136,40	1,80	6,50	-34,6	2	
11M19A	219,00	N172E-54SW	37,19227	47,35065	224,6	47,3	237,70	-0,20	16,70	-25,3	2	
11M21B2	248,00	N10E-59NW	37,19183	47,35020	240,8	-15,9	203,80	-51,30	6,20	-69,8	1	
11M22A1	256,00	N06E-58NW	37,19190	47,35010	252,8	22,1	250,60	-31,50	5,00	-25,5	1	
11M22A2	256,00	N06E-58NW	37,19190	47,35010	250,5	25,2	249,90	-27,80	14,40	-24,8	1	
13M23A	263,70	N16E-54NW	37,19188	47,34998	221,9	-33,7	178,60	-38,30	13,60	-74,3	2	x
11M23A	264,00	N15E-60NW	37,19188	47,34998	238,5	27,2	242,40	-17,60	19,20	-27,3	3	
11M25	288,00	N15E-60NW	37,19248	47,34987	128,2	-44,9	121,60	12,20	28,10	-20,5	2	
11M27BS	299,00	N14E-70NW	37,19248	47,34972	94	53,4	294,60	55,70	6,80	38,7	2	
13M27B	299,00	N20E-63NW	37,19248	47,34972	56	26,1	8,20	42,10	7,30	75,3	1	
11M27	299,00	N18E-60NW	37,19248	47,34972	56,3	41,6	347,70	47,20	17,90	76,4	2	
13M28	302,00	N20E-63NW	37,19250	47,34968	67	17,9	23,70	49,40	2,60	69,2	3	
11M29A	316,00	N25E-64NW	37,19253	47,34950	79,3	32,7	4,30	58,30	12,00	86,2	3	
11M29A2	316,00	N25E-64NW	37,19253	47,34950	59,5	47	344,10	41,90	7,10	71,2	1	
11M30	320,00	N22E-59NW	37,19250	47,34947	232,6	-16,7	202,30	-34,50	22,50	-63,3	2	
11M33	411,00	N14E-68NW	37,19255	47,34825	204,3	-20,5	178,10	-16,70	13,10	-61,3	1	
11M34	415,00	N14E-68NW	37,19255	47,34823	262,2	-46,2	135,00	-60,00	13,80	-55,2	2	x
11M34BS	415,00	N14E-68NW	37,19255	47,34823	79,7	-8,9	63,70	51,00	9,90	38,2	1	
11M35B2	431,00	N26E-65NW	37,19255	47,34802	27,5	39,9	349,20	16,80	6,60	59,8	2	
11M35A2	431,00	N26E-65NW	37,19255	47,34802	36,4	44,6	346,30	24,40	4,00	62,7	1	
13M36B	441,00	N17E-73NW	37,19408	47,34853	29	63,6	313,00	7,10	17,10	35,4	2	
11M36A	441,00	N40E-88NW	37,19408	47,34853	77,3	51	343,30	24,10	12,80	61,2	2	
11M37BB	464,00	N11E-71NW	37,19457	47,34833	30,6	43,6	331,00	27,00	6,70	55,5	3	
11M37BS	464,00	N11E-71NW	37,19457	47,34833	209	-14,1	182,80	-21,30	6,20	-63,7	2	x
11M36BS	472,00	N11E-71NW	37,19448	47,34825	125	-22,8	131,40	42,10	7,50	-13,4	2	
11M38A2	519,00	N0E-80W	37,19622	47,34858	25	59	300,10	21,30	8,20	30,5	3	
13M39B	536,00	N06E-82NW	37,19675	47,34850	57,1	23,7	339,60	50,10	11,80	72,0	1	
11M40A2	599,00	N25E-54NW	37,19660	47,34763	207,5	-34,4	177,10	-21,20	3,00	-63,6	2	x
11M40B1	599,00	N25E-54NW	37,19660	47,34763	195,2	-33,5	172,20	-12,10	19,90	-58,1	2	x
11M41A2	599,50	N20E-54NW	37,19653	47,34752	205,7	-28,9	178,70	-20,80	11,10	-63,5	2	x
11M41B1	599,50	N20E-54NW	37,19653	47,34752	202,6	-50,8	156,00	-28,60	27,30	-59,4	2	x
13M42	604,00	N06E-58NW	37,19660	47,34750	254,2	10,5	246,20	-42,60	12,10	-33,0	1	
13M42B1	604,50	N06E-58NW	37,19660	47,34750	222,8	-32	171,10	-45,40	11,30	-77,2	2	x
11M43	618,00	N14E-48NW	37,19672	47,34737	258,6	-46,2	172,30	-71,40	25,30	-70,4	2	
13M45B	632,00	N14E-48NW	37,19713	47,34715	51,2	25,8	17,20	44,10	2,20	71,5	1	
11M46	642,00	N00E-60W	37,19717	47,34702	42,3	24,2	355,90	47,40	4,10	80,7	1	
11M48A2	653,00	N170-55SW	37,19717	47,34702	18,1	9,8	358,30	28,60	17,00	68,0	2	
11M49A2	658,00	N170-55SW	37,19780	47,34698	7,8	40,3	321,40	34,20	12,10	51,6	3	
11M49B1	658,00	N170-55SW	37,19780	47,34698	27,9	42,2	323,70	49,30	12,50	59,2	3	
11M50A2	668,00	N12-60NW	37,19765	47,34683	27,2	22,5	358,70	23,70	9,40	65,2	1	
11M50B1	668,00	N12-60NW	37,19765	47,34683	32,4	35,4	346,80	32,40	11,20	67,2	1	
13M51	675,00	N00E-60W	37,19760	47,34673	30,4	48,3	320,20	41,70	11,70	53,6	2	
11M51	675,00	N172E-65SW	37,19760	47,34673	34,8	25,3	341,10	47,50	6,20	72,0	1	
11M52	690,00	N00E-75W	37,19932	47,34668	24,7	29,9	333,80	28,60	15,20	58,1	2	
11M53	694,00	N165E-82SW	37,19982	47,34670	97,1	72,7	288,90	25,10	9,00	22,9	2	
13M53	694,00	N06E-46NW	37,19982	47,34670	11	58,3	318,10	38,60	8,70	50,8	2	
11M54	702,00	N170E-65SW	37,19982	47,34670	55,3	50,6	290,10	58,10	23,80	36,3	2	
11M55A1	713,80	N170E-65SW	37,19965	47,34645	4,1	13,3	343,50	18,20	15,20	58,4	2	
11M56B2	733,00	N175E-52SW	37,19985	47,34615	1	43,3	320,70	28,80	6,50	49,0	2	
11M56A1	733,00	N175E-52SW	37,19985	47,34615	10,9	17,6	350,20	23,10	12,00	63,3	1	
11M59	740,00	N25E-52NW	37,20017	47,34562	262,8	-26,8	218,00	-60,80	15,60	-60,6	2	
11M57	740,00	N175E-60SW	37,20065	47,34605	3,9	45,6	315,70	26,80	12,00	44,5	2	
13M57A	740,00	N175E-60SW	37,20065	47,34605	8,6	17,3	346,10	20,10	19,40	60,4	2	
11M60A2	760,00	N25E-52NW	37,19993	47,34542	301,6	37,8	300,40	-14,00	5,80	19,0	3	
11M60B2	760,00	N25E-52NW	37,19993	47,34542	287,9	34,8	288,90	-16,90	11,70	9,5	3	
11M61A	781,00	N162-60-SW	37,19963	47,34523	8,3	-14,1	8,10	14,50	11,00	59,3	1	
11M61B	781,00	N162-60-SW	37,19963	47,34523	43,2	18,3	359,50	61,30	8,50	84,8	1	
11M62	816,00	N00E-62W	37,19380	47,34405	58,7	11	23,80	56,10	19,10	71,0	2	
11M63A2	821,00	N00E-62W	37,19378	47,34398	13,3	51	314,70	29,50	5,30	44,7	1	
11M65A2	853,00	N02E-54NW	37,19388	47,34357	25,5	21,8	356,50	31,20	4,00	69,4	1	
11M65B2	853,00	N02E-54NW	37,19388	47,34357	60,2	38,8	346,00	64,70	2,10	76,0	1	
11M66	861,00	N02E-56NW	37,19393	47,34357	27,9	54,5	316,40	41,70	6,90	50,6	2	
11M67A1	873,00	N02E-56NW	37,19397	47,34343	50,3	43,8	332,50	56,50	5,00	68,2	1	
11M68	878,00	N21-57NW	37,19403	47,34340	11,9	33	348,40	10,70	7,60	56,5	1	
11M68BS	878,00	N21-57NW	37,19403	47,34340	38,8	41,6	349,70	33,60	2,90	69,1	1	
11M69A3	891,00	N10E-56NW	37,19400	47,34320	32,9	8,9	15,50	23,90	12,10	61,7	3	
11M69B2	891,00	N10E-56NW	37,19400	47,34320	29,3	25,2	357,70	29,10	9,40	68,3	3	
11M70_A1	908,60	N21-60NW	37,19432	47,34307	43,4	30,6	1,80	32,60	14,50	70,5	2	
11M71	914,00	N10E-56NW	37,19430	47,34298	39,6	38,6	346,10	42,00	4,60	72,4	1	
11M72	921,00	N10E-56NW	37,19443	47,34295	348,7	65,7	304,50	22,70	9,60	34,4	2	
13M73B	928,00	N10E-56NW	37,19443	47,34295	218,2	-7,7	199,80	-27,60	6,70	-61,4	1	
11M73C	928,00	N10E-56NW	37,19443	47,34295	251,1	-0,9	234,60	-47,30	10,20	-43,9	1	
13M74A	932,00	N10E-56NW	37,19460	47,34288	182,5	-63	130,20	-26,70	12,60	-40,2	1	
11M74	932,00	N10E-56NW	37,19460	47,34288	141	-24,6	139,30	19,60	21,50	-29,3	2	
11M74B1	932,00	N10E-56NW	37,19443	47,34295	135,2	-21,1	136,60	25,50	12,60	-25,0	2	
13M76A	954,00	N16E-63NW	37,19478	47,34277	191,6	17,4	209,80	11,60	9,80	-38,8	2	
13M76A_A1	954,20	N16E-63NW	37,19478	47,34277	195	24,3	217,50	11,60	9,80	-34,5	2	
11M77B1	964,00	N162E-75SW	37,19502	47,34263	202,1	-25,2	141,40	-42,30	9,50	-54,8	1	
13M77C	964,00	N162E-75SW	37,19502	47,34263	192,8	-22,2	145,10	-33,80	12,70	-54,2	1	
13M78B	975,00	N176E 57SW	37,19525	47,34253	189,9	-3,5	180,70	-13,50	8,00	-59,6	1	
11M78A1	975,00	N148E-78SW	37,19525	47,34253	179	38,2	193,70	-15,50	12,10	-58,2	1	
11M81A2	1051,00	N162E-52SW	37,20010	47,34190	17,8	53	301,80	50,30	4,90	42,2	2	
11M82A1	1058,00	N162E-52SW	37,20025	47,34203	43,6	15,9	15,70	56,70	5,60	77,5	3	
11M82B2	1058,00	N162E-52SW	37,20025	47,34203	23,8	43,5	317,60	53,60	9,20	55,7	2	
11M83A2	1066,00	N149E-48SW	37,20057	47,34165	52,2	-14,2	51,10	33,50	23,80	41,7	3	
11M84A1	1107,00	N149E-48SW	37,20057	47,34165	351,5	27,6	320,90	34,20	19,10	51,2	2	
11M84B3	1107,00	N149E-48SW	37,20015	47,34125	20,3	34,5	330,10	59,00	17,40	66,6	2	
11M85A2	1113,00	N160E-50SW	37,20018	47,34118	44,6	15,3	20,80	56,80	13,10	73,5	1	
11M85B1	1113,00	N160E-50SW	37,20018	47,34118	31,8	20,5	359,50	52,10	8,60	85,5	1	
11M86A1	1121,00	N160E-50SW	37,20075	47,34100	7,5	26,9	334,10	37,30	6,50	62,2	1	
11M87B1	1186,00	N14E-40NW	37,19808	47,34028	32,5	52,6	341,80	47,10	23,60	72,3	2	
11M88B1	1192,00	N22E-63SW	37,19773	47,34018	314,9	32,4	313,60	-26,70	6,80	22,7	3	
11M88B2	1192,00	N22E-63SW	37,19773	47,34018	6,6	9	6,80	-9,30	6,80	47,6	3	
11M88A1	1192,00	N22E-63SW	37,19773	47,34018	51,6	23,7	11,10	35,80	7,50	70,1	1	
11M88TR	1198,00	N22E-63SW	37,19785	47,34007	238,4	-41,1	169,80	-44,20	8,20	-75,8	1	
11M89BS	1214,50	N22E-63SW	37,19787	47,33987	225,2	-34,4	176,90	-33,10	14,40	-70,7	3	x
11M89BS	1214,50	N22E-63SW	37,19787	47,33987	179,1	45,4	240,30	34,50	14,40	-10,2	3	x
11M90A2	1250,00	N10E-54SW	37,19868	47,33963	220,6	23	226,80	-8,60	10,30	-36,1	1	
11M90B1	1250,00	N10E-54SW	37,19868	47,33963	246	10	238,40	-33,90	2,40	-36,0	1	
11M92	1276,00	N00E-48W	37,19882	47,33925	184	-28,6	160,20	-21,50	11,70	-58,4	1	
13M92A	1288,00	N00E-48W	37,19882	47,33925	233,4	-39,9	172,00	-62,50	19,60	-81,0	2	
11M93	1291,00	N00E-45W	37,19880	47,33922	217,7	-20	190,00	-41,00	15,40	-73,8	2	
11M96B2	1316,00	N172E-48SW	37,19895	47,33880	298,2	64,9	277,50	20,60	13,60	12,3	3	
11M96A2	1316,20	N172E-48SW	37,19895	47,33880	194,5	-12,9	177,30	-25,30	21,70	-66,0	3	x
11M96A2	1316,20	N172E-48SW	37,19895	47,33880	109,8	21,8	139,80	59,20	21,70	-4,5	3	x
11M98	1343,50	N00E-37W	37,20058	47,33835	208	-30,7	181,10	-40,60	13,20	-76,0	3	x
11M98	1343,50	N00E-37W	37,20058	47,33835	139,4	31,5	168,80	48,70	13,20	-22,3	3	x
11M101	1366,60	N173E-40SW	37,20307	47,33800	340,8	49,6	309,80	29,70	20,90	41,0	2	
11M103S	1408,00	N02E-47NW	37,20330	47,33770	12,3	50,8	323,80	37,70	4,10	54,8	2	
13M103B	1408,00	N172E-41SW	37,19335	47,33528	15,4	31,4	345,80	38,00	7,80	69,9	1	
11M104B	1423,30	N175-35SW	37,19468	47,33508	26,1	53,1	333,20	56,40	26,50	68,7	2	
11M107A	1451,00	N015-31NW	37,19588	47,33487	192,1	-54,1	153,60	-47,00	12,00	-66,1	1	
11M108B	1459,00	N015-31NW	37,19607	47,33467	208,9	-32,9	185,90	-39,90	7,00	-74,6	1	
11M111A	1481,00	N24E-33NW	37,19655	47,33443	238,5	-3	232,40	-20,60	6,30	-36,1	1	
11M111BS	1511,00	N24E-33NW	37,19455	47,33337	208,6	3,9	210,00	0,80	5,60	-43,3	1	
11M114BS	1515,00	N24E-31NW	37,19455	47,33337	203,3	35,9	223,90	30,50	10,20	-22,3	3	
11M112S	1520,00	N24E-31NW	37,19447	47,33270	206	-27,2	190,80	-24,10	20,30	-63,6	3	x
11M112S	1520,00	N24E-31NW	37,19447	47,33270	242,5	57,4	263,70	33,30	20,30	6,1	3	x
11M113	1529,00	N24E-31NW	37,19432	47,33252	22,6	42,8	357,50	35,00	7,20	72,0	2	
3M114SB	1537,00	N24E-31NW	37,19253	47,33052	339,8	44,5	327,00	20,20	9,70	50,0	2	
3M114SA	1537,00	N24E-31NW	37,19473	47,33290	352	47	334,10	26,20	11,20	57,2	2	
11M114B2	1538,00	N24E-31NW	37,19253	47,33052	336,7	58	319,00	31,80	17,80	48,9	2	
11M115	1549,00	N24E-31NW	37,19475	47,33243	28	47,4	357,40	40,90	7,00	76,0	2	
11M119A	1632,00	N24E-31NW	37,19252	47,32830	152,3	-46,8	140,90	-20,40	7,40	-45,9	1	
11M121	1650,00	N20E-24NW	37,19255	47,32777	226,5	-45,5	199,60	-51,20	11,10	-73,0	1	
11M122	1686,00	N35E-28NW	37,19270	47,32698	327,4	37,6	322,90	11,20	17,20	43,8	2	
11M123	1691,00	N35E-28NW	37,19277	47,32688	47,4	30,4	30,00	32,30	7,70	57,1	1	
11M124A2	1716,00	N35E-28NW	37,19287	47,32635	33,1	32,8	16,60	27,70	14,20	63,1	2	
11M126	1741,00	N22E-30NW	37,19322	47,32587	332,1	30,9	325,80	6,70	4,00	43,9	2	
13M127	1745,00	N22E-30NW	37,19322	47,32580	318,9	46,1	311,30	18,30	14,60	38,1	2	
11M128	1752,00	N12E-17NW	37,19337	47,32488	192,2	-28	183,40	-26,70	7,80	-66,7	1	
1M130BS	1770,00	N52E-20NW	37,19363	47,32445	169,1	-38,9	164,30	-20,70	10,40	-60,0	1	
11M131	1777,00	N35E-20NW	37,19368	47,32410	163,3	-55	151,80	-38,00	10,50	-60,9	1	
11M132_B	1785,20	N45E-20NW	37,19385	47,32392	180,6	-37,9	172,70	-22,80	12,10	-63,8	3	x
11M132_B	1785,20	N45E-20NW	37,19385	47,32392	117,4	30,1	111,50	48,90	12,10	2,7	3	x
11M133	1793,00	N10E-22NW	37,19428	47,32575	241,5	-58,5	200,40	-70,70	18,50	-67,4	2	
11M133S	1793,00	N15E-18NW	37,19428	47,32575	248,6	-43,9	233,20	-57,00	16,80	-48,3	2	
11M134A	1801,00	N15E-18NW	37,19478	47,32598	5,7	17,8	0,60	14,10	10,40	60,0	1	
11M135S	1835,00	N55E-20NW	37,19533	47,32487	221,4	-21	215,10	-15,20	12,00	-46,6	1	
11M136A	1851,00	N55E-20NW	37,19548	47,32418	169,3	-73,2	156,70	-54,00	7,00	-71,0	1	
11M137A	1858,00	N55E-20NW	37,19552	47,32387	261,4	51,8	278,60	40,10	2,50	20,1	2	
11M138A1	1868,31	N55E-20NW	37,19587	47,32548	351	47,7	344,80	29,20	15,20	64,6	2	
11M139B	1874,31	N65E-20NW	37,19657	47,32383	8,3	40,2	0,20	24,60	12,70	65,7	2	
11M139A	1874,31	N65E-20NW	37,19657	47,32383	23,2	47,9	9,20	35,20	11,70	70,5	2	
11M140A1	1894,00	N45-15NW	37,19742	47,32380	211,6	-58,9	191,10	-52,80	14,90	-80,2	1	
13M140A5	1894,00	N20E-12NW	37,19742	47,32380	168,5	-34,7	162,50	-27,90	9,50	-62,8	1	
11M141A1	1901,00	N50E-25NW	37,19753	47,32342	169,4	-48,1	161,30	-25,40	7,20	-60,9	1	
11M142B2	1905,70	N60E-20NW	37,19748	47,32325	206,8	-56	189,30	-42,40	22,60	-75,1	3	x
11M142B2	1905,70	N60E-20NW	37,19748	47,32325	141,9	16	140,40	35,80	22,60	-21,9	3	x
11M142S	1910,00	N50E-15NW	37,19748	47,32325	194,2	-49,9	182,90	-39,90	4,30	-75,3	1	
11M144A	1933,80	N53E-20NW	37,19875	47,32357	187,6	-50,3	176,00	-34,60	14,90	-71,5	3	x
11M144A	1933,80	N53E-20NW	37,19875	47,32357	217,7	35,7	232,90	38,40	14,90	-12,9	3	x
13M145S	1956,00	N50E-10NW	37,19930	47,32252	195,1	-19,7	192,70	-13,80	24,30	-57,7	2	
13M145A	1956,00	N50E-10NW	37,19930	47,32252	162,2	-22,3	161,00	-13,00	14,50	-54,8	1	
11M146S	1962,00	N17E-15NW	37,19952	47,32153	120,7	-17,8	120,10	-3,20	14,10	-24,6	2	
11M146B1	1968,00	N17E-15NW	37,19952	47,32153	159,9	-25,4	155,50	-15,90	19,10	-53,4	1	
11M147B1	1973,20	N70E-15NW	37,19957	47,32162	162,3	-60,2	161,60	-45,20	28,00	-71,3	2	x
11M149B1	1997,79	N80E-25NW	37,20045	47,32252	160,5	-57,7	164,00	-32,90	12,70	-66,1	2	x
13M150	2006,00	N74E-15NW	37,20060	47,32317	200,4	-64,8	188,10	-51,70	10,10	-81,8	1	
11M151A	2049,00	N74E-15NW	37,20275	47,32357	76,4	-27,7	84,00	-26,10	9,60	-3,6	3	
11M152	2076,00	N60E-15NW	37,20270	47,32125	206,6	-58,5	191,20	-48,50	12,40	-77,9	1	
11M150R	2082,00	N80E-20NW	37,20047	47,31557	149,6	-58,5	157,90	-29,60	16,10	-61,1	2	
11M154B	2095,00	N60E-23NW	37,20227	47,31373	12,8	63,4	355,00	44,00	4,70	77,8	2	
11M156	2112,00	N64E-18NW	37,20327	47,31287	0,8	39,8	356,20	23,40	8,20	64,8	2	
11M157	2118,00	N76E-16NW	37,20358	47,31335	352,7	65,3	350,30	49,40	4,90	79,4	2	
11M158B	2139,00	N76E-16NW	37,20452	47,31247	3,7	48	0,00	32,60	4,00	70,5	2	
11M160	2163,00	N90E-10NW	37,20648	47,31152	356	51,6	356,70	41,60	4,50	76,4	2	
11M162S	2181,00	N60E-10NW	37,20835	47,30855	25,2	24,7	22,00	18,80	8,30	56,0	1	
11M164	2191,00	N60E-10NW	37,20942	47,30772	335,2	19,2	335,00	9,20	8,30	50,2	1	
13M164B	2196,00	N68E-08NW	37,20942	47,30772	174,8	54,5	179,00	62,10	5,30	-9,4	3	
11M165A	2200,00	N70E-10NW	37,20940	47,30770	328,4	28,9	329,30	19,10	3,70	51,1	1	
11M166B	2205,00	N70E-10NW	37,20910	47,30823	351,8	36,7	350,60	26,90	3,70	65,5	1	
11M168A	2220,00	N70E-10NW	37,21155	47,30772	316,7	67,7	323,40	58,30	5,60	61,3	1	

Reference
Zijderveld, J.D.A. (1967), A.C. demagnetization of rocks—Analysis of results. In: Methods in Paleomagnetism, (Ed by D. W. Collinson et al.,) pp. 254–286. Elsevier, New York.


SUPPORTING INFORMATION 4 (SI4)
Rock magnetic results 

Figure SI4.1 A) Isothermal Remanent Magnetization (IRM) acquisition curves and B) thermal demagnetization of a three-component IRM (Lowrie, 1990) from representative hematite-rich samples. M is the magnetization value at each magnetic field step, while Mmax represents the maximum magnetization. Mx, My, and Mz is the magnetization along the x, y, z specimen axes, respectively.


Reference
Lowrie, W. (1990). Identification of ferromagnetic minerals in a rock by coercivity and unblocking temperature properties. Geophysics Research Letters, 17, 159–162.


SUPPORTING INFORMATION 5 (SI5)
Flexural modelling and flexural backstrip 

Our analysis of the Great Pari sedimentary basin provides insights into the effective elastic thickness and thermal evolution of the lithosphere in northern Iran. In particular, the sharp decrease in the total measured thickness of pre-Tavaq conglomerate basin-fill sediments in the foreland from the proximal stratigraphic sections 1-2 (~ 2.25 km thick and between 20 and 35 km from the range front) to the distal stratigraphic sections 4-7 (~0.25 km thick and 39 km from stratigraphic sections 1-2) indicates a sharp decline in accommodation space with increasing distance from the Takab Range Complex front. By combining these measurements of sedimentary thicknesses and distance from the mountain front (where uncertainty in distance is estimated due to burial by sediment of the geologic structures that define its margin) with an approximation of the mountain range as a 60-km-wide feature that must peak ~2.0 km above the surrounding basins, it is possible to compute lithospheric effective elastic thickness and flexurally backstrip the basin to solve for tectonic loading over time. All flexural isostatic modeling was performed using gFlex (Wickert, 2015) along a one-dimensional profile from the Takab Range Complex mountain front towards the northeast. The proximal end of the domain contains a 30-km-wide rectangular schematic half-mountain-belt with an assumed density of 2800 kgm-3 and whose total thickness (i.e. subaerial exposure plus crustal root) is set to best fit the basin-subsidence record from the sedimentary section thicknesses. The proximal boundary condition is a plane of mirror symmetry that reflects both the mountain belt and the sedimentary basin across the model edge. This reproduces the full 60 km mountain-belt width. While there are no data on the sediments to the west of the Takab Range Complex, setting their thickness equal to those to the east is a hypothesis suitable to generate a boundary condition. The distal end of the domain is a “clamped” (i.e. 0-displacement, 0-slope) boundary set far enough away that it negligibly impacts the flexural solutions.
Best-fitting effective elastic thicknesses were found by a joint inversion of the total proximal and distal fluvial, playa-lake, and lacustrine sediment thicknesses from the start of basin filling until, but not including, the onset of Tavaq conglomerate deposition. By limiting the unknowns to two parameters, mountain-load height, and a uniform effective elastic thickness, it is possible to uniquely solve for both of these with the two basin-fill data points (Figs. SI5.1 and SI5.2). gFlex was run iteratively, using the tectonic load as a starting point, and adding fill material of the appropriate density (following Scatler and Christie, 1980) and recomputing lithospheric flexure until the solution reached convergence with <1 centimeter change between iterations (Fig. SI5.3). Solutions were found for both the 20 km (Te 10.3 ± 0.1 km) and 35 km (Te 12.6 ± 0.1 km) end members for distance between the mountain front and stratigraphic sections 1-2 by performing a grid search over multiple tectonic load thicknesses and lithospheric effective elastic thicknesses and minimizing the total percentage offset from both measured section thicknesses (Figs. SI5.1 and SI5.2). These effective elastic thicknesses assume a Young's modulus of 65 GPa and Poisson's ratio of 0.25. 
After finding the effective elastic thickness, it is possible to use the temporally-resolved record of stratigraphic sections 1-2 (using the more likely age model from our preferred magnetostratigraphic correlation) to compute the cumulative tectonic load through time. First, deposited material in each interval is decompacted following Scatler and Christie (1980). Second, all pore space is filled by freshwater with a density of 1000 kg m-3. This combination of decompaction and groundwater addition provides the thickness and bulk density of the infilling deposit. A best-fitting rectangular tectonic load is found for each dated stratigraphic sub-section by applying a sequence of loads, iterating until convergence (<0.1 cm difference between iterations) with feedbacks from sedimentary basin fill, and minimizing model-data misfit. After defining the tectonic loading history, we used gFlex to forward model the tectonic contribution to subsidence at stratigraphic sections 1-2 (Fig. SI5.4).



Figure SI5.1. Elastic thickness and mountain belt height solutions for a proximal stratigraphic section (stratigraphic section 1) at A) 20 and B) 35 km from the supposed active mountain front.




Figure SI5.2. Predicted flexural deflection of foreland lithosphere for a proximal stratigraphic section located at A) ~20 and B) ~35 km from the inferred mountain front. First scenario predicts an effective elastic thickness of ~ 10 km, while second scenario predicts ~12 km.



Figure SI5.3. Iterations using the tectonic load as a starting point, and adding fill material of the appropriate density and recomputing lithospheric flexure until the solution reached convergence with <1 centimeter change between iterations


Figure SI5.4. Tectonic subsidence curves obtained assuming local Airy isostasy (grey dashed line) and from flexural back-stripping (black lines) for two possible elastic thicknesses of ~10 and 12 km.
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Wickert, A. D. (2015) Open-source modular solutions for flexural isostasy: gFlex v1.0. Geoscientific Model Development, 8, 4245-4292.


SUPPORTING INFORMATION 6 (SI6)
Shortening rate calculation

Isostatically reconstructed load thickness can also be used to estimate tectonic shortening across the Takab Range Complex. Based on balanced cross-section modelling (Balling, 2014) crustal thickening of the mountain belt can be viewed as the result of shortening above a basal décollement at a depth of 15-20 km (Fig. SI6.1). Shortening is computed by a balance in which the total amount of material displaced during deformation can be related to the amount of shortening itself. First, the measured mountain-belt width of 60 km is multiplied by the computed tectonic-load thickness. Second, the area of the flanking foreland basins is multiplied by the ratio of basin fill density to bedrock density to convert it into rock-density equivalent area. Then, the sum of these areas is divided by the depth to the décollement to obtain a distance of shortening. If all of the sediment leaving the zone of uplift is deposited in the basin, this would provide an estimate of total crustal shortening. If sediment has left the basin, this is a minimum bound on crustal shortening. As a final step, the computed crustal shortening is divided by the time over which the basin developed and was filled (~6 Myr, from 16.5 to 10.7 Ma) to furnish a shortening rate.


Figure SI6.1. Conceptual sketch showing the parameters that were used for calculating shortening rates during the approximate duration of the Great Pari foreland basin (~ 16.5 to 10.7 Ma). The calculation are based on the results of the isostatic modeling, where Te is the effective elastic thickness of the lithosphere, hload the thickness of the tectonic load, Aload the cross-sectional area of the total load (area of tectonic and sediment load), while zd is the depth of the décollement. Note that the geology of the supposed western foreland is not known and for simplicity is thought to have the same geometry of the Great Pari Basin. Note that in the area of lectonic load we included topography in both hanging wall and footwall of the Takab Fault (Figure 3). 

Table SI6.1 Computed shortening rates for different Te and Zd estimates.
x0 [km]	Te [km]	hload [km]	Aload [km2]	zd[km]	Shortening [km]	Shortening rates [mm/yr]
20	10.3	6.8	558	15	37.2	6.2
		6.8	558	20	27.9	4.7
35	12.6	9.7	837	15	55.8	9.3
		9.7	837	20	41.9	7.0
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